AIM To describe health-related quality of life of Australian children and adolescents with Down syndrome and compare it with norm-referenced data.
Down syndrome is a common cause of intellectual disability occurring in up to approximately 1.1 per 1000 live births. 1 Individuals with Down syndrome often have poor physical health including impairments (as defined by the International Classification of Functioning, Disability and Health) such as low cardiovascular fitness and muscle weakness, 2 and they can develop secondary conditions such as autoimmune disorders and metabolic problems. A proportion experience mental health difficulties 3 and there is an elevated risk of comorbid autism. 4 Each of these impairments can contribute to activity limitations and participation restrictions, and compromise quality of life.
Health-related quality of life is operationally defined for this study as relating to a person's perception of the impact of health or ill-health on aspects of their life and daily functioning. 5 Components include physical and psychological well-being, relationships, and social engagement. The musculoskeletal impairments commonly experienced by individuals with Down syndrome may impact their quality of life. For example, approximately two-thirds of young adults with Down syndrome experience foot problems affecting their daily lives, 6 possibly contributing to poorer health-related quality of life than their peers in the general population. Literature is sparse on health-related quality of life in individuals with Down syndrome. Using the QualityMetric Short Form-12 version 2, 60 adults with Down syndrome (mean age 31AE10y; 30 males, 30 females) self-reported above-average scores for eight domains (physical, role-physical, social and role-emotional functioning, bodily pain, general health, vitality, and mental health) but within one standard deviation of normative scores. 7 Another study 8 in 8-year-old children with Down syndrome (n=337) used the generic parent-report TNO-AZL Children's Quality of Life questionnaire measuring functional problems over seven domains (physical complaints, gross motor skills, autonomy, cognitive and social functioning, positive and negative emotions). Compared with a Dutch reference population of 519 age-matched children, children with Down syndrome had poorer proxy-reported scores for autonomy, cognitive functioning, gross motor skills, and social functioning. There were no differences observed between the groups for physical complaints. 8 A recent study 9 of 90 adolescents and young adults with Down syndrome (12-30y) from seven countries measured healthrelated quality of life using the KIDSCREEN-27 proxyreport questionnaire. Adolescents with Down syndrome (n=49) scored similarly to normative data for proxyreported physical well-being, psychological well-being, and autonomy and parent relations, had poorer scores for social support and peers, and had better scores for school environment. Adolescents with Down syndrome were reported to have better physical well-being and poorer autonomy and parent relations than adults with Down syndrome. However, available data remain sparse and there is a need for studies that describe health-related quality of life both of children and of adolescents with Down syndrome, and compare this with their peers in the general population. These data could assist in clinical decision making and in planning interventions for this population. Therefore, our aims were to: (1) describe health-related quality of life of Australian children and adolescents with Down syndrome; and (2) compare health-related quality of life of Australian children and adolescents with Down syndrome with norm-referenced data.
METHOD
Data were collected from two Australian samples: 49 children and adolescents with Down syndrome aged 5 to 17 years from Victoria, and 26 adolescents with Down syndrome aged 16 to 18 years from Western Australia. The Victorian sample (Fig. 1 ) was recruited as part of a larger study investigating foot health 10 conducted between October 2013 and May 2014 in a podiatry clinic based at a university campus. The study was advertised to families with a child or adolescent with Down syndrome through a flyer sent by post and e-mail to members of a local community group that advocates for individuals with Down syndrome. Data from the Western Australian sample (Fig. 1) were collected in a questionnaire administered in 2011 as part of a larger study investigating experiences of transition to adulthood for individuals with Down syndrome. 11 All data were collected prospectively. Ethics approval was obtained from La Trobe University Human Ethics Committee (HEC 13-035) and the Human Ethics Committee of the Child and Adolescent Health Service of the Health Department of Western Australia (number 1715EP). Written informed consent to take part and for publication of the results was obtained from the parent or guardian of all children. Adolescents with Down syndrome (13-17y) in the Victorian sample also provided their own written assent to participate where their parent or guardian considered this appropriate.
Participants
For the Victorian sample, children and adolescents with Down syndrome aged 5 to 17 years were included if they were able to follow simple verbal instructions in English. Children or adolescents with Down syndrome were excluded if they had any previous lower limb surgery, walked with a supportive device (e.g. a brace), or had a condition or injury that might affect their physical function (e.g. cerebral palsy).
For the Western Australian sample, adolescents with Down syndrome aged 16 to 18 years were included if registered with the Western Australian Down syndrome 'Needs Opinions Wishes' population-based database and if their family had completed the quality of life component of the 2011 transition from school to adulthood follow-up questionnaire. There were no exclusion criteria for this cohort.
Health-related quality of life
Health-related quality of life was assessed using the proxyreport KIDSCREEN-27 questionnaire 12 comprising 27 questions across five dimensions: physical well-being (five items), psychological well-being (seven items), autonomy and parent relations (seven items), social support and peers (four items), and school environment (four items). Parents of participants rated each item on a 5-point Likert scale. For scoring, four negatively formulated items were recoded and raw scores for all items in each dimension were summed. These raw dimension scores were replaced by Rasch person-parameter estimates. 12 For example, a raw score of 15 for physical well-being was replaced by 0.114. The person-parameter estimates were calculated from Rasch analysis of a reference data set (22 827 children and adolescents from 13 European countries) 13 and were provided in the KIDSCREEN handbook. 12 The Rasch person-parameter estimates were transformed into standardized T scores with mean value 50 and SD 10 (e.g. the T score for the above example was calculated using the equation [0.114À1.6534]/[1.72649910]+50). Transformed data follow an approximate normal distribution. Standardized T values between 45 and 55 were classified as within normal range, as recommended by the KIDSCREEN manual. This is based on the mean value plus or minus half a standard deviation (i.e. 50AE5). Values higher or lower than these thresholds signify better and poorer health-related quality of life respectively. In the general population, KIDSCREEN-27 has satisfactory internal consistency (Cronbach's a≥0.70 for all five dimensions). 12 
Anthropometric and demographic data
For the Victorian sample, height (cm), weight (kg), and waist circumference (cm) were measured using a stadiometer, electronic scales, and tape measure respectively. Measurements were taken three times and mean values calculated. Body mass index was calculated by dividing participant's weight in kilograms by their height in metres squared. For the Western Australia sample, parentreported weight and height data were obtained from the completed questionnaire.
What this paper adds
• Proxy-reported psychological well-being and autonomy were within the normal range for children with Down syndrome.
• Physical well-being and social support scores were significantly lower than normative data.
• Proxy-reported scores for adolescents with Down syndrome were consistently poorer than for children with Down syndrome and the differences were clinically important.
Statistical analysis
Analyses used IBM SPSS Statistics for Windows, version 23.0 (IBM Corp., Armonk, NY, USA). Data were analysed descriptively using mean and standard deviation values and interpreted according to suggested thresholds. As we used the parent-proxy version of KIDSCREEN-27, dimension scores were calculated only when all items from a dimension were answered. Dimension scores were calculated for any dimension that was complete for a participant even if they had one or more missing data points for other dimensions. Data for children with Down syndrome (5-12y) were compared with data for adolescents with Down syndrome (13-18y) using two-tailed t-tests calculated by Web-based software (https://www.graphpad.com/quickcalcs, GraphPad Software, Inc., La Jolla, CA, USA). For children aged 8 years or older, data were compared with normative data for the KIDSCREEN-27 questionnaire 12 using one-tailed t-tests calculated using Web-based software (https:// www.graphpad.com/quickcalcs). To interpret clinical significance of between-group differences, half the standard deviation of the normative scores (5 points) was accepted as representing the minimally important difference.
14 Effect sizes and associated 95% confidence intervals were also calculated using Web-based software (available at http://www.cem.org/effect-size-calculator). Effect sizes were calculated by subtracting the mean score of typically developing children from the mean score of children with Down syndrome and dividing by the pooled standard deviation. Effect sizes were interpreted as having a small effect if approximately 0.2, a moderate effect if 0.5, and a large effect if 0.8.
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RESULTS
Data were available from 75 children and adolescents with Down syndrome (mean age 13y 2mo, SD 7y 8mo; 43 males, 32 females) ( Table I ). The parents of one participant from the Victorian sample (male aged 9y) and two from the Western Australian sample (female aged 18y and male aged 18y) did not complete the questionnaire. 10 Health-related quality of life Parent-proxy scores for the five dimensions of KID-SCREEN-27 are presented in Table I . Mean proxy scores for children and adolescents with Down syndrome were within the normal range for three dimensions (psychological well-being; autonomy and parent relation; school environment) and below the normal range for two dimensions (physical well-being; social support and peers).
Mean proxy scores for children with Down syndrome (Table II) were within the normal range for four dimensions (physical well-being; psychological well-being; autonomy and parent relation; school environment) and below the normal range for one dimension (social support and peers). Mean proxy scores for adolescents with Down syndrome were within the normal range for two dimensions (autonomy and parent; school environment), were just below the normal range for one dimension (psychological well-being), and were below the normal range for two dimensions Did not complete the quality of life questionnaire (n=1) Figure 1 : Flow of participants through the study.
(physical well-being; social support and peers). All proxy scores were significantly poorer in adolescents with Down syndrome than in children with Down syndrome (Table II) . In all cases, the differences in dimension scores were at least 5 points and so were considered clinically significant. For the participants aged 8 to 18 years with Down syndrome (n=63), significant differences in proxy scores in favour of typically developing children were found in three dimensions (Table III) : physical well-being, psychological well-being, and social support and peers. The differences in proxy scores between these groups for physical well-being and social support and peers were greater than 5 points and so were considered clinically significant. There were no differences in proxy scores between the groups for the dimensions of autonomy and parents or school environment.
DISCUSSION
Our main findings were: (1) parent-reported health-related quality of life in the dimensions of psychological well-being, autonomy and parent relation, and school environment were within 'normal' threshold values, contrary to the notion that children with Down syndrome have poor health-related quality of life; (2) parent-reported physical well-being and social support and peers of children and adolescents with Down syndrome were poorer relative to 'normal' thresholds and to age-matched peers; (3) proxy dimension scores for children were better than for adolescents.
Some aspects of health-related quality of life in Down syndrome were similar to typically developing children. For example, proxy scores for the dimension autonomy and parent relation indicated strong support for the child within the family setting and adequate financial resources for his/her expenses and were similar to previous data for 49 adolescents with Down syndrome. 9 Children and adolescents with Down syndrome in our study also had proxy-reported scores within the normal range for the dimension describing the school environment indicating that the children felt supported by relationships with friends and teachers. A similar finding was reported in a study 9 reporting high school environment dimension proxy scores for adolescents with Down syndrome living in six high-income countries and one uppermiddle-income country compared with European normative data. Time spent with family and at school for this age group is substantial, and these are both important aspects of life quality. These data challenge the societal view that assumes children with disability have poor quality of life.
Parent-reported dimension scores for psychological well-being were within the normal range, suggesting the children and adolescents view their life positively. This is consistent with a recent study 9 and with the notion that children with Down syndrome are generally happy and that there is small risk of mental health difficulties although there is heightened risk for depression in adulthood. 3 However, the proxy scores for children and adolescents with Down syndrome were poorer than normative data. Some of the KIDSCREEN items ask about feeling sad or lonely, and the small but consistent difference could relate to limited social networks with a small number of friends in our sample. 16 It is also important to acknowledge that approximately 20% of children with Down syndrome have comorbid autism spectrum disorder 4 and we would expect that a proportion of the children in our sample would experience behavioural difficulties. This dimension does not include items relating to behaviour and so we cannot assess this aspect of quality of life.
For the remaining two dimensions (physical well-being; social support and peers), proxy-reported scores of children and adolescents with Down syndrome were below 'normal' thresholds aligning with much of the related literature, although a recent study reported no difference in proxyreported physical well-being for 49 adolescents with Down syndrome compared with normative data. 9 Consistent with our findings, children and adolescents with Down syndrome are at risk of having physical health impairments and comorbidities, including day-to-day issues such as poor sleep, fatigue, respiratory infections, or foot pain, and more serious health conditions such as leukaemia or type I diabetes. 6 Each of these conditions has the potential to adversely impact energy levels and capacity to be active, therefore compromising quality of life. As well as contributing to the psychological well-being dimension, small social networks 16 probably also contribute to the social support and peers dimension. With few friends, 16 children with Down syndrome have limited opportunities to develop trusted relationships outside the family, experience greater variety in life, and learn the important skills of supporting others. This can limit the development of close friendships. It is important that parents and educational and health professionals are aware of, and mitigate against, these broader risks associated with health conditions and social isolation.
Compared with the children, adolescents with Down syndrome seemed to have poorer quality of life, particularly in relation to social support and peers, and physical well-being. Adolescence is a time of rapid biological and social development and the gap between those with Down syndrome and their typically developing peers could be widening. The reasons for the decline in social support and peers dimension proxy scores could reflect greater differences in social skills with increasing age. For example, adolescents with intellectual disability described reduced levels of warmth, closeness, and reciprocity in their friendships compared with the friendships described by typically developing adolescents. 17 The decline in physical well-being seems to continue into adulthood. A recent study showed adolescents with Down syndrome to have better proxy-reported physical well-being than adults with Down syndrome aged 18 to 30 years. 9 The sharp decline in physical well-being between children and adolescents is concerning. This group are generally healthier in their adolescence than they were previously because of developments in cardiac care and in treating infection, but their physical well-being seemed poorer compared with the general population. 18 There could be several reasons for this. First, threats to physical health that emerge during adolescence include low physical activity, 19 with implications for increasing weight 6 and reduced bone density, and problems with obstructive sleep apnoea. 20 The prevalence of some medical conditions common in Down syndrome, and their long-term effects, become prominent with age and can adversely affect physical health (e.g. autoimmune disorders and diabetes). Second, parents (who provided data) may begin to view their child's health-related quality of life more negatively during adolescence. During transition from school, the gap between those with Down syndrome and their peers widens considerably and parents may begin to perceive health-related quality of life differently. Third, in Down syndrome aggressive surgical management cardiac defects and more supportive medical management in early childhood is a relatively recent phenomenon. Differences in physical health between children and adolescents in this study may represent a generational shift: that is, the adolescents in this cohort may have had poorer physical well-being because they did not receive the benefits of these advances in medicine. Given recent proxyreported data 9 indicate further decline in physical healthrelated quality of life during young adulthood, and that adults with Down syndrome experience accelerated ageing, we need to encourage, plan, and enact health promotion strategies and health management practices during the transition phase from childhood to adolescence. These might slow physical health decline during adolescence related to being physically inactive, and associated increasing obesity.
Some health-related quality of life data are available for other populations with neurodevelopmental disability. Self and parent-reported KIDSCREEN-52 data suggest poor social acceptance and physical well-being in children with cerebral palsy (58% with intellectual disability) 21 and poor social support for adolescents (34% with intellectual disability). 22 Otherwise dimension scores were similar to general population norms. 21, 22 Parent-reported KID-SCREEN-27 data for 157 adolescents with intellectual disability and 231 adolescents with autism aged 13 to 21 years 23 were generally poorer than the self-reported scores by adolescents with cerebral palsy 22 and were similar to those from our study. Of note, adolescents with Down syndrome in our study had poorer physical health proxy- reported scores than those with autism or intellectual disability, and each of the diagnostic groups had poor social support and peers scores. Therefore, there seem to be some trans-diagnostic similarities.
Previous literature suggested proxy-reported healthrelated quality of life in children with Down syndrome aged 8 to 9 years was poorer than in typically developing children, 8 but these findings were not generalizable to younger children or adolescents with Down syndrome. Given the importance of quality of life as an outcome, this is a significant omission in the literature. Therefore, the current study is important in helping to build a broader profile of healthrelated quality of life for children and adolescents with Down syndrome. However, we acknowledge several limitations. Our sample included children and adolescents but we were unable to provide additional descriptive data on functioning, comorbidities, and family demographics for Victorian participants, and the representativeness of our sample was not known. The latter limitation is important as it is possible that only those families who were functioning well when the study was conducted self-selected to participate. This may mean health-related quality of life scores are overestimated if families who were experiencing stress did not participate. We have also identified some KIDSC-REEN items where proxy-reporting could be problematic, particularly for children without verbal skills. Parents may have found it difficult to respond to items relating to school environment, owing to limited or variable opportunities to observe their child's school life. KIDSCREEN is a generic health-related quality of life measure that has been validated for the general population but its validity for populations with intellectual disability is unknown. The KIDSCREEN questionnaires have also not been validated for children with disability who are non-verbal. It is important to interpret these data with caution since they are parent-reported data and cannot tell us how the children themselves feel about their quality of life.
A recent qualitative study explored quality of life in children with Down syndrome aged 6 to 18 years from the perspective of their parents. 24 Eleven domains were identified as important for children with Down syndrome including physical health, behaviour and emotion, personal value, communication, movement and physical activity, routines and predictability, independence and autonomy, social connectedness and relationships, variety of activities, nature and outdoors, and access to services. These parent-reported domains provided rich descriptions of life experiences across the range of functional abilities found in Down syndrome and only data that were observable were coded to limit the reporting of parental emotion. 24 The KIDSCREEN-27 questionnaire arguably only includes four of these domains (physical well-being; psychological well-being; autonomy and parent relation; social support and peers) and therefore probably does not provide a complete picture of quality of life for children with Down syndrome.
Nevertheless, our study has made several important contributions. The comparisons with normative data suggest disparities in at least some areas of proxy-reported healthrelated quality of life between children and adolescents with Down syndrome and typically developing children. These differences may be expected given the effects of poorer health and physical functioning and smaller social networks, and there could be additional differences in psychological well-being between children with Down syndrome and their peers. Our data provide a better understanding of the lived experiences of these children, identify aspects of measurement that are important to consider for children with intellectual disability, and suggest aspects of health and activities that could be modified to optimize quality of life.
